Background: Chromogranin A (CgA) in plasma (P-CgA), a neuroendocrine marker of sympathetic stress, has been shown to predict mortality in medical intensive care. We hypothesized that the magnitude of CgA release would reflect stress load, and thereby injury severity in burn intensive care patients. Methods: Fifty-one consecutive patients with a burn area exceeding 10% were included. P-CgA was measured twice daily for seven days after injury. The point value at 24 h, the mean and maximum values and the AUC at days 1-7, were tested as possible predictors. Injury severity in the form of organ dysfunction was measured as SOFA score at day 7. Results: P-CgA could be classified into two types with respect to variability over time. Patients with high variability had more deep injuries and were older than those with low variability. All measures of CgA correlated with SOFA score at day 7, but not with total burn size. Univariate regressions showed that age, burn size and three of four measures of P-CgA predicted organ dysfunction. Multiple regressions showed that age, burn size, and either P-CgA at 24 h, the mean value up to day 7, or the maximum value up to day 7, were independent predictors for organ dysfunction. Significant organ dysfunction was best predicted by age, burn area and the CgA point value at 24 h with an AUC value of 0.91 in a ROC-analysis. Conclusions: The extent of neuroendocrine activation assessed as P-CgA after a major burn injury is independently related to organ dysfunction.
Introduction
Patients with large burn injuries are exposed to a severe acute stress response, and those with injuries with a TBSA% (total body surface area percent) burned greater than 10-15% usually require intensive care due to the impact of the injury on vital organ function. There are large differences in preburn morbidity, the type and severity of injury, the physiologic stress response to the trauma, and the number and severity of complications during care (ABA, 2011) . These factors make comparisons between different patients difficult, as well as assessments of the prognosis for individual patients. They also point to the importance of an accurate system for objectively describing severity, risk and prognosis for burn patients in intensive care.
Traditionally, TBSA burned or variants thereof such as the Baux Score (Age + TBSA burned), the BI (Burn Index = TBSA full thickness burn + ½ TBSA partial thickness burn) (Nakae and Wada, 2002) , the PBI (Prognostic Burn Index = BI + age) (Nakae and Wada, 2002; Morita et al., 2010) , and age + TBSA burned + inhalation injury (Smith et al., 1994) have been used for describing the severity of injury and in assessing prognosis in terms of mortality. These are convenient but imprecise measures, especially in elderly burn patients and in patients with severe underlying illness (Nakae and Wada, 2002; Lionelli et al., 2005; Tanaka et al., 2007) . Mortality predictions using additional variables marginally improve accuracy at the expense of simplicity ). These results suggest that individual factors other than age and burn size affect mortality.
During the past 25 years, ICU (Intensive Care Unit) scoring models have undergone significant development, validation and refinement. They either predict mortality based on physiological variables collected in the first 24 h of ICU stay, or on the degree of organ dysfunction over time as organ systems show signs of worsening function or failure (Vincent et al., 1998) . Many of the clinical variables measured as part of these ICU scoring models reflect the degree of sympathetic response to a life-threatening illness and/or the trauma elicited by different care related measures (Dunser and Hasibeder, 2009) . We therefore commenced this study by hypothesizing that a simple measurement reflecting sympathetic overactivity would be related to clinical severity in burn patients during the intensive care phase.
One recognized biomarker of stress and sympathetic overactivity is the concentration of chromogranin A (CgA) in plasma (P-CgA) (Cryer et al., 1991) . CgA is a glycoprotein of 48-52 kDa, which is cosecreted with epinephrine and norepinephrine by chromaffin cells from the adrenal medulla and also together with hormones from the neuroendocrine system (Taupenot et al., 2003) . It can be degraded to a number of split products with tissue specific activity (Taupenot et al., 2003) , among them the antiadrenergic vasostatins, and catestatin, which influences the release of catecholamines, has a negative inotropic effect and decreases vascular contractility (Mazza et al., 2010) . Furthermore, it was recently shown that a point measure of P-CgA in medical patients on admission to the ICU was a strong and independent predictor of mortality (Zhang et al., 2008 (Zhang et al., , 2009 Galeiras et al., 2009; Røsjø et al., 2010) .
The primary aim of this paper was based on the hypothesis that there are considerable interindividual differences in neuroendocrine activation and stress load after injury, and that these differences contribute to the risk of developing organ dysfunction during the acute intensive care period. We therefore first assessed the degree to which the stress of a severe injury in the form of a large burn is reflected in measurable increases in P-CgA, and subsequently described how different measures of P-CgA in the acute phase after a major burn injury are related to organ dysfunction one week after injury measured as the Sequential Organ Failure Assessment (SOFA) score, which is a good measure of organ dysfunction ) and predictor of mortality (Nguyen and Nguyen, 2009 ) in burn patients.
Materials and methods

Patients
Patients were recruited consecutively between October 2003 and April 2009 from the ICU in The Burn Center at Uppsala University Hospital, which is one of two national centers responsible for the in-hospital care of severe burn victims in Sweden, which has a population of 9.3 million. The Uppsala Burn Center is a referral center for patients primarily from the northern and middle parts of Sweden.
Inclusion criteria were (i) age between 18 and 60 years; (ii) burn injury exceeding 10% TBSA; (iii) admission to the Burn Center within 48 h after injury; (iv) without ongoing steroid treatment; and (v) no known neuroendocrine tumor. Before enrollment, information about the study was given to the patient or in sedated patients to a next of kin, by a research nurse who also secured formal consent for participation.
Fifty-two patients fulfilled the inclusion criteria. Only one of these declined participation, resulting in the inclusion of 51 patients. Sufficient reliable data for SOFA scoring seven days after injury were, however, only documented in 39 patients. Table 1 shows the study population.
The study was approved by the Uppsala University Ethics Committee, and the investigation was performed according to the Declaration of Helsinki.
Procedure
Blood samples for analysis of P-CgA were taken twice daily at 6 am and 6 pm.
Clinical information required for SOFA-scoring was documented as part of a structured ICU-routine.
Measurements
SOFA scores were calculated according to the Swedish Intensive Care Registry (SIR) guidelines (Swedish-Intensive-Care-Registry, 2010). SOFA scores were created for days 6, 7 and 8 after the injury, at 6 am. SOFA scores were then time matched to best fit 168 h (7 days) after the injury, which means that the SOFA score relates to exactly 7 days ± 12 h after injury.
P-CgA was determined using a commercial radioimmunoassay (Eurodiagnostica, Malmö, Sweden). The measurements were performed at the certified Clinical Chemistry Laboratory at the Uppsala University Hospital.
Statistical analysis
Four different variables reflecting P-CgA were used for predictions: the 24 h after injury value, as well as the mean and maximum values during the first 7 days, and the concentration vs. time area under the curve (AUC) based on linear interpolation between values from days 1 to, and including day 7 after injury. For P-CgA measurements at 24 h, the closest match with respect to time was used.
All analyses were defined a priori. The Chi-square test was used for categorical variables, and the Mann Whitney U-test for ordinal and continuous variables. Variables significantly skewed according to the Kolmogorov-Smirnov test were logarithmically transformed to obtain normality when needed. Pearson correlation coefficients are reported.
Where multiple regressions were made, variables with a p-value < 0.1 in simple regressions were included in subsequent multiple regressions.
In the prediction analysis of significant organ dysfunction SOFA scores were dichotomized into one group with scores less than 4, and one with scores of 4 and above, before logistic regression and ROC-analysis were performed.
All calculations were performed using the IBM SPSS Software Statistics, version 19.0.0.
Results
We first assessed the dynamics of P-CgA over time up to and including day 7 in all patients. There were considerable differences between different patients with respect to the secretion pattern over time. Two different secretion patterns could, however, be discerned based on variability between measurements ( Fig. 1 A and  B) . In one group, constituting about two thirds of the patients, there was very low variability in P-CgA concentration during the first 7 days after injury. In the remaining third of the patients there was clearly more variability in P-CgA concentration over time. For further analyses we delineated these groups by calculating the greatest difference between two P-CgA values in each patient, i.e. the intraindividual range, and split the patients into two groups, with the cutoff at a range of P6 nmol/L. The high variability patients were shown to have a greater overall increase in P-CgA during the first 7 days than those with low variability (Fig. 1 C and D ; Table 2 ). They were also older, had larger full thickness burns and were subject to more frequent surgery during the first 7 days. Also, there was a tendency for high variability patients to spend more days with mechanical ventilation during the first 7 days (p = 0.053). Finally, those patients exhibited poorer multiple organ function at day 7 (SOFA score 5.6 ± 3.4 vs. 3.0 ± 2.5; p = 0.007). Total burn size did not correlate with any of the measurements of P-CgA. The size of the deep burn, however, correlated with the maximum value for P-CgA (r = 0.30, p = 0.04), but not with the three remaining measurements. Furthermore, age correlated with all measurements of P-CgA with r-values of 0.30-0.46 and p-values of 0.03-0.001.
All four different measures of P-CgA used for predictions correlated with SOFA scores at day 7 (Fig. 2) . To analyze the predictive qualities of the different measurements of P-CgA further, age, TBSA% burned, and P-CgA were assessed by simple linear regressions (Table 3) . Here, age, TBSA% burned and three of the different measures of CgA were found to be significant predictors of SOFA at day 7, while the fourth, P-CgA AUC 1-7 days, was not.
In subsequent multiple regressions, age and TBSA% burned significantly predicted SOFA at day 7 with an adjusted R 2 of 0.27 Age and days of surgery are given as mean ± SD. Gender is given as integers. All other variables are given as median with minimum and maximum values. a CV = coefficient of variation.
( Table 4) . Adding P-CgA in the models improved prediction. The addition of the 24 h after injury value, the clinically most practical measure of P-CgA, thus resulted in a prediction equation with an adjusted R 2 of 0.34. The addition of the mean or maximum P-CgA value resulted in similar predictions with adjusted R 2 -values of 0.33 and 0.34, respectively.
In order to better assess the relation between sympathetic stress measured by P-CgA and clinically relevant multiple organ dysfunction, the day 7 SOFA value was dichotomized into one group with high scores and one group with low scores in a way that as nearly as possible split the study population in half. By defining low SOFA as less than 4 and high SOFA as 4 or more, 56% of the patients were in the low SOFA group and the rest in the high SOFA group. Receiver operator curves showed that TBSA% burned and age weakly predicted having a high SOFA with AUCs of 0.61 and 0.72, respectively. Each of the four CgA-related variables was a better predictor, with AUCs varying between 0.75 and 0.80. While TBSA% and age together gave an AUC of 0.81, the best prediction was achieved with those two in addition to CgA at 24 h with an AUC of 0.90 (Fig. 3) .
Discussion
The results clearly show that not only the extent of the burn injury, but also characteristics of the individual's sympathetic response to injury define the risk for organ dysfunction during the acute intensive care. Thus the data support the hypothesis that single high P-CgA values predict organ dysfunction, measured as SOFA score, one week after a major burn injury demanding intensive care. These data are convincing, since not only a point measure at 24 h, but also the mean, maximum and integrated values of PCgA during the first 7 days correlated with the SOFA score at day 7. The data also support P-CgA as a stronger predictor of organ dysfunction than TBSA burned, and that both are independent predictors of organ dysfunction. Furthermore, patients with higher variability in their P-CgA values were older, had larger deep burns, more frequent surgery and higher SOFA scores than the other patients. The SOFA score was originally designed to quantitatively describe organ dysfunction over time and to evaluate Vincent et al., 1998) . It was later understood that the score could also be applied in non-septic patients (Vincent et al., 2000) . The SOFA score is the sum of subscores for six organ systems: respiratory, circulatory, renal, hematologic, hepatic and central nervous systems, depending on the level of dysfunction (rated as 1-4 points) for each. The SOFA score has also been used to predict mortality, although it was not originally developed for this function. The prognostic performance of the SOFA score when used in various models for predicting mortality in adult patients in medical and/or surgical ICUs was recently systematically reviewed (Minne et al., 2008) . SOFA scores on admission, or various models of combinations of sequential SOFA scores, were confirmed to predict mortality in patients in general medical and/or surgical ICUs.
About one third of the patients exhibited a large variability in PCgA between different sampling times. Although few studies have been conducted on the intra-individual variability in P-CgA, the variability in the present study is larger than previously reported in healthy individuals or in individuals not treated in ICUs. In the latter, the intra-individual coefficient of variation was found to be 0.13 in healthy individuals when assessed at four monthly intervals (Dittadi et al., 2004) , and 0.29 ± 0.07 when determined repeatedly over 24 h (Takiyyuddin et al., 1991) . In the present study the high variability patients had a considerably higher coefficient of variation (0.37 ± 0.10), while the low variability patients had a coefficient of variation within the range found in healthy individuals (0.20 ± 0.07). This must be considered in the context of the expected coefficient of variation for the analysis as such, which is close to 0.09 when used in clinical routine (data from the Clinical Chemistry Laboratory), and taking into account observations that even under intense to extreme acute sympathoadrenal stimulation, CgA levels do not increase more than two fold (Cryer et al., 1991; Elias et al., 1992) . The larger variability must therefore be interpreted as a more intense and protracted sympathoadrenal stimulation in high than in low variability patients.
We also considered the possibility that intoxication with carbon monoxide would have affected the CgA levels. However, the number of patients with carbon monoxide concentration in the present patient sample was low, only four out of the 50 patients (Table 1) , and data analysis excluding those four patients did not change the results of the study (data not shown).
A limitation of this study is that it is a single center study with a relatively small number of included patients, which restricted full exploitation of desired statistical strategies. For example, it was necessary to dichotomize the SOFA scores in logistic regressions by splitting the population nearly in half, which was at a SOFA score of 4. This cutoff was arbitrary, without any known corresponding dichotomy in outcome, although it is known that organ dysfunction after one week in the ICU constitutes a great risk for the patient (Van den Berghe, 2000) .
Another limitation is that starting on admission all patients were routinely treated orally with the proton pump inhibitor omeprazol, which is known to increase the plasma concentration of CgA in the subgroup of individuals who have a mutated CYP2C19 (Sagar et al., 2000; Pregun et al., 2011) . This effect is mediated by the hypergastrinemia that may follow such treatment (Sanduleanu et al., 1999) . On the other hand, such an effect cannot explain the predictive value of P-CgA at 24 h. Also, some patients were treated with metoprolol as part of the ICU routine. However, it has been observed that this does not affect the P-CgA concentration (Takiyyuddin et al., 1991) .
A third limitation is that the sympathetic response was not validated by measurements of plasma catchecholamine concentrations. However, when designing this study we decided not to assess catecholamine concentrations in vivo for several reasons. One is the very short half-life of catecholamines in the circulation (a few minutes), which would make point measures difficult to interpret. Another pragmatic reason, actually the predominant reason, is that exogenous catecholamines are administered to many patients during different periods as part of their critical care. In retrospect, we regret not having measured catecholamines, as the results could possibly have been of value.
On the other hand, the strengths of this study are the prospective design, the consecutive recruitment of patients to the study, and the fact that the Uppsala Burn Center is one of the two existing national referral units, which makes the sample quite representative of Swedish adult patients with burns. The results motivate a more extensive effort to evaluate P-CgA as an independent prognostic marker also with respect to mortality and long-term outcome, and to further assess the putative role of the CgA related split products in the complex pathophysiology of the circulatory system after large burns.
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